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Some non resonance excitations of Na by electrons : 
Application of combined classical theory.
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Dvjxtrimi Hi oj Phf/sn.'^ . PuIhu P h t rtrstlji,
{luu'iccd h'rhnniiij 19T(»)
clai-sii'a! lliroiN iia- Inaai rxUiMh'il io
iiirliidr ca.sr o1\‘cc('ntnVity e(|nal oiu‘ aiul apjdnal io taKailaU' 
( s, r>.s aiLfI <»s <‘X(L'il iilKMi ci'os,‘..-s<‘r1 ions liom tiu' dudcI slat*' ol 
Na atom l>y i'Um'I-ioh nnpacl, 'I'lii* results arc' lourul to lx m Ix'lM'i 
ajrrc'omcut ^MlU e\|M‘rijm'ul a I M'sults tluiu tliosr o( I lie (‘omhiueil 
l lu‘(»ry ioi mica o-eaiioineal (list l ibut i*m and also llu' l^ 'irst licMu 
a])pjoxima.t lent.
I. lNi’U(»l)trrTl<)N
I’lassieal tiu'oiu's. despito tium \^ e(lkI^ o\\n madc'cjiiaeu's lia\o provc'd iiseiul m 
I Ilf slud\ oi iiK'kistu* (‘ollisioiis oj atoms by fjiai,u:;c'd (>ailic-li\‘ Aiial\tu‘ c lassn-nl 
llu'oijes oj atomic* oxeitatjous aie (/) liina-ry eiircnmlei (lu'ory (<ir\zmski I'.IOrt, 
\b'i('iis lOtiti) and (li) dipole^  pml uriiat ion oi adiatiatir tlu'oiy (IN'i rival if al ItMJT) 
Whiliv t lu^  binary eiu'ountei tlicuny is ealicl loi laiijcc' eiu'ixy tiaiislc'rs, tlic^  dipc^ Ie 
pelturbation tbeoiy is valid lor small eiK'rn'y transti'rs only Keei'idly tlb7I5) 
J '^j'eival Jias ii'seiilc'd a elassitval thc'ory cd ('xeitiition v.ilid ten adiabatic- intc'i- 
iiM'diaie and impnlsivt' eollisions tbi- all mier;.c;y tiaiisteis siibjeel to the- eoiidilic>n 
tlial iiu'ident (mer^y is sidbeiently lar;i;(‘ lb- has shown that I In* hinary eti-
eonntei' linxuy and the* adiahatic  ^ tln'ory are the* limit iiitr loims c»t tins (wiihiimi 
lljc'orv. IV'rc'ival has (h‘\eJop(‘d tin* Ihc-ot v Ibi eireiilar oi hits (c’cec'ntrinty c <t) 
ami mieioeanonic'al dist rihutJem cd' orbits, (hyzinski has c*i it ieized tie'
nse cd inicn'oeaiionieaI diNtrihut ion lor c^ mund state* ol h_\clio;Lien and has sup^ a-^ tc d 
mst/caid llu^  Irca' tall modtd (c - 1) Assuming, m tliis li^hl that thc' u;r(iimc| stab- 
cd t lu*. alkali atcmis are Iteitcn* dc'senbc'cl b\ tla^  c*eeent.t ieily ei»<' than the* imc*ro- 
eanonicail dist.riimt ifin, we have dc‘relo]H‘cl. jollcov in^ j, l*<*rc*ival. the- combmc d 
I hexiry Ibi-c ~ 1. In tjiis paper w c'ha vt* pi’C’sentc'd tlic* t hcsiry lor  ^ l.talmlabci 
the* eross-KCH't ion binetion ( \(q) and apprccximalcxj it l>_\ a simjiK loiin 1 Urn 
Avc* luivi^  producted tin* resnits of this thccnv a])]>livcl lc> .som* exeitalioiis oi Na 
atom. Jm)i* (‘onipariHon w(‘ liavc* also ealeidatc'd tin' c i os^ -sc'<‘1 ions assuming; 
niiern(‘anoni(.*al dist.rihution nsin;.^  the analytic* fbrjii sir,; r^.stcal by IN'reival, W e 
have alscj eompared these. ri'Hvilts with the available exju'iiim'id d data and otla j 
tlieore-tical results.
]
2. Tkidorv
IVi'C'ival (107.‘i) iho diii'eri^ulial crovKs-si'clion is ;j;iAM‘n 1)V
i I / ?/1A l (!)
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a is tlu' sfimi-majoi axis of dassioal atoju, 1, is imiization, em^rgy, 7j (^^  
iimI ///, art' the ( i^niigr and mass oT (lu^  inridoiit |jailit‘lo. ///«. tlu- mass ol the 
ImmiiuI olortroiK is lla‘ cJiaigc o[ Ike nm lmis, q is the iliiiKMisionless iuoiimmi- 
lum itaiisk'i' tajiial to wIkto
'latl - -  .. '''ll -
Tli(^  tuo Jiinils Oil Um^ momoJiium translm* arr dctiiual hy
HifE^  \ f /. . y E  V
.^1
(ii)
v\diCT(‘ U - Z .f'^ l2a  luis bo('n us(‘d,
l'\u‘ ( k^udroji iiK'idciit on nouiral Na, Z,^ v is tho rllbclivi* ('juii‘g(’ ol tlu- nnoJisns
lor (hr hound rliH'ii'on and nic TluM(ddj‘c tijr two o(jUidions icdufo to
r i l ; I ( )V-’(q )--c'(qji ' -  wd(T m r  j Z ’A il\E  ■ !
Q s
Thi' iToss-sort ion luiud.ion C(q) stands lortlio iu1i‘gral
0 q
... (5)
wIioK* E h‘h,ifi is Ili('dimr-iisioiiN s^s im]>a,ft. j)araiiu'(('i\ lotograJ (5) is (‘WaJuali'd 
hy uimuM icid iul-ograt i(Hi w it h th(‘ liidpo f tlu* I’uiudioJia r(‘Jidion hot w (‘on 9  and b .
i
g ib )  - { Sy^-Ji8LAV(,v6) l-A-,=-’S6)j} ' ... («)
(vJmmo il/, -={'/<'(s)J“. j  and K  aro rosjiLadiwoIy ordinary and juodilit'd lk\ssoJ 
I'mu't ions.
2 R ksiu.ts
Thv oross-stH*tiou finu t^ioii '^(7) avoio oah.ndalod hy nuuioiical iidogratitm 
using 8 iiupson*s rulo and liavo b('mi tabidatral in lablt^  J (or roJo\an1> range
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.)t fy To uhlaiil -hhi'i- th.- method may he use.) ui the apprexi-
nmt(‘ ioi'in
< W ( q ) A h2-L\r )n(l I 0 7‘>.r); .r \ iq (')
may ))o nsnd. TIu'k n]>]jroximmr idrm is in somr inlm val ofq (as sliown in \i\h \v  1) 
as nuit^ li as iii t'rrm' I lu' ('iilriilattMl \'aiuc‘ \\[ts •.'orri'ftt'd hy llu.‘ ajypix>j>via1t'
i.irtor. In :^ S -> dN <-x(.itatioii ^laphiral moilmd \\as UM'tl liii-ji may hu in (Mror 
l)> a]>out !j %. J u oMkm- (‘xi-itat ions t lir aiuilyl ir lonu ri] (7) was hs(mI \^ ln<*h 
r(Mlni*ad tin* imtot to aboiil 1 ‘V,.
rjiblti 1. ValiK's of lli(‘ rdmiction for (M-rmilrimty our. is tla^  approx,
ionn ((juatiiou (7) Cbk biiiarv (‘iicoimtrj’ r - i’uiu*tion
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ninitfi 111 thi' pan ‘M1 Ill'hIK mdit-iili- lilt- po\M*rs i4’ (an Vi’iDi vvlurh ill!' orilru-,'- slmiiJd
mall iplii'f )
Tlxi Jas'1 i'nluinn sh(r  ^ Hial (\\'i'nr iipj>i''Hu-ln‘s 1 as 7 iiu*i-t‘aKi iH
lu  llir (‘alridaiiou ol y^(fc) i’roni (up (fi), 20 1(tius lmv(‘ Ihmui uscuUor w ry  lat^ u: 
9, wliilt* 10 t(^ rj}jK liavr bocui iis(‘d f'oi‘ lo\A(‘r A^ alii(\s. For small q only Ti tcMiris 
Have Ix'cm found afUu' ivhirli, ti'rms lK'(*oim* loss lUaii \ (0 tin' Icaidiu^
t-(‘rni. Tim valu(^  of ii>sod is 1-S44. This Is llu' valii(‘ of Zf>f^  i fb'pf ivt* rlmrf (^‘) 
oldaiiKsi from T --
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In l1i(‘ n\snitN ol ou! ralrulations jbr c — 1 and micro-(*auouicrtl
di-t r iImiI ion ;ir«‘ Im)/- the lailnr ralcniJat ions \ac nsf*d
'^AN^ (g)  ^ ln(l ! 2r/:{); .r I;
sniCLn'Slrd hv
Rt‘sulls ha\'<‘ In'f ji ii;ra]>lnciillY ('omparfMl ^M1ll tin* l '^BA culciilal ions «d 
\^iinsh1t‘in n  af as (lUobsl l>y ^^ ois(‘\^ itst-ii d  af (HH>8) and AnlJi l lir <'xpt‘iina*ntnl 
i’(‘sid(s ol Za])(‘s<)c}insyi rl a! nnalijiK'd acc'ordiiiLT to tli(‘ snij^^ fsl ions ol J\1ois(‘\A'itscli 
t f fd (1 OtiK).
d\d»ii‘ 2, Tolal cxcilal.ion (Ti>ss-s(Md ions lor 4.s\ a,nd (i.v oxchations irorn tdin 
V'lound slat.i‘ td’sodium by rUudron iinpafl. ralcmlat^al nsin.u c — 1 - (ft,) \
and initrot'a-iKmical dislT‘ibnt>if>u, in tJia tu)rn]>imai
(lassical 1-Jinorv
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Exciia iiovs o f Xa by electrons
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S.;li(Minn u nil ini'clrs • T, >iul minrl t Iic.m s \m Hm  I
Sulmn liMf willi ( r  ^ ( 'niiiliihi'd lli»‘nf\ Ini' n i |ni i i(>a,i M Ml irn 1 iln;11 il)u1 inn
Sulul Imi' ^\l)h hnun^U's; llnm \ppm\. Vumshh-m rf a/
(,'ivnulai (Inis : Mnililind f'V|M'niiinnm 1 i '^-iiills nf Zii| i(‘!‘'n(‘}in v> >'f n/ 
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1. l)lSCTSSIO^ J
T lin  (T(>ss^sn(‘1 inn rr, lor n I Is Iniinrl i iK \ays  1o lx* x V  Ioaw'I (a 
l'a,Hor ol *,) l ln iu  tiM‘ m in icxar iim iral <1js1 rilMitmin /Vf | io \ i ‘r  (‘iiciy,i(* 
(*i-oss-s(*(‘l ious rr, a i r  t l ian Urn lii'sl ('r(»ss-sc*f*< luiis lmt> briamn* r o n r
parahlo w ith  15orn rross-s(*ction a1 rn*r<,n(‘s lh d i i  alaait 'JO r \ . In 1>.
rx i ' IU il  ioin I lu' c*los(‘ <‘oupiin|Li (‘a lru la t  loim ol K o r l l  d  a /  (]h7^ , f^ivf nnaily  ijjn 
-a m r  r('sulf as tin* First Bi>m rn^ss-sont-ions. Ko[ ( f  n l  lo<I (*xolian^(*
'riu^ y l.lLiit. in('lusj{)ri ol rxohaugc slioiild r<‘dti<^(* llioir cross-
s(^ Hif>ii hy 10"„ at 10*5 (^ v and ataait at JO-S rr. Their values nualilied
hy < ills f)i'( (^'fiptiou I'edncf^  t o ^ 1-5 77a,/at 10-5 er and 1^ 125 ;ra/* al- 10*8 e\. 
'riie,s(i values aiv only abfuit 25''I, lii^lier than rr^ . 'Hk' ruaximiiin of l)u‘ eross- 
M('(*lmu ohiaiuefi rxper irueulally by Xa|ieMO(diiiy i rf al v luai modifi(‘d 1)V the 
presf'i i|»1 i(Hi of ilHeb and Snntli (1908) 7rr/„- at 5-tS ev ineideut
energy, n*, lia^  maximum al almost the sanu* f>oiii1 with a valm* whi(*h is aland 
Hi";, lmv(u thiin this (‘xp(*rimi'ulaJ lesiilt.
Ill 5,s aaiH 0,s- (‘rosso'iiaMions also the maximum v^ 'nliu' of eomparc^s favour' 
ably with the expeiiimadal r(vsu)ts n( Zapi^sehonyi and Sbirnon (modified value 
taken IViun Massi^y <V Burhop ( I 909j In 11n■ foruKu' oui* value is only 
lower and in I be latter 9 "', bi‘^ hei' llm ii tlie ('orreelial experimmital value, l lo v -  
e\ er llu* lo(’at ion rif the js'ah is a.I slightly low(U‘ Ineident. (uiergy than the ex]>eri- 
meuial vahit*.
5. Co INCLUSION
Our ri'Muifs eotifirm that the <^ round stale of an a-lkah aifom, at least lor t he 
piirpos(‘s •>! this llieory, is bi^ ttiu' n'prosenl-eil by the dree tall modef limn tb<‘ 
mieroeanouieaI distribution, fhu’thei' it a]>]M‘ars that thi‘ eombiiUMi i*lassieal 
tlK^ ol■^  rail <j;i\'e ndiable results evmi at low enert^ ii^ s for exeilatioiis !(► luglu'r 
levels In \ ie-v ol the meagre experiineidal n s^nlts ava-ilabl(‘ and tlu‘ ddheult
ipiaadum me,i‘lia.ni(‘al (*aleulalions this simple melhoil ean be very usetiil tor those 
woi kiiiyr ill ad ropbysi(‘s 01 plasma j>hvsi('s and m‘e(lm*i; a fjjood estimate of tlu‘ 
exeit.atiou eross-seelion. We that melusioii ol‘ exeliau^e will turthm
improYi^  1 be n^ sult s
W'ork IS bi'ini; rotdinneii to nu‘lud(' ('xeliaii i^‘ and also to apply this theory' 
to other alomie and ionic (^xiutalions to test the etlieieiKw oi th(‘ theory
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